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NOTICE OF DETERMINATION: Negative Declaration

FOR: Job No. 31-OL-I
Ala Wai Canal Improvement
Honolulu, Oahu, Hawaii

BY: Division of Water and Land Development
Depariment of Land and Natural Resources

The proposed action will have no significant effect on the environment and

therefore does not require the preparation of an Environmental Impact Statement.

This Notice of Determination and Environmental Assessment are being filed as a
Negative Declaration.
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Measurements and Abbreviations Used in This Document

cfs

ft

ft2

ft3
fw
gpm
kw
lorL

m3

mg

mL or ml
MLLW
mgd

msl

ppt

Tog

Hg
kg/!

cubic feet per second (448.83 gallons per minute)

feet

square feet

cubic feet

fresh water

gallons per minute

kilowatt

liter

meter

cubic meter

milligram

milliliter

mean lower low water

millions of gallons per day

mean sea level

parts per thousand (used for measuring salinity)

time it takes for the concentration of a substance to
decrease by 50% of its initial value

time it takes for the concentration of a substance to
decrease by 90% of its initial value

microgram

micrograms per liter
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CHAPTER 1
DESCRIPTION OF THE PROPOSED ACTION

Description of the Proposed Project

The Ala Wai Canal is a 2-mile long manmade waterway with widths ranging from
200 to 250 feet and average cross-sectional depths ranging from 3 to 8 feet, with spot
depths ranging from 1 to 12 feet. The Ala Wai Canal was constructed between 1921
and 1928 and is the major drainage system for the Waikiki District of Honolulu. It
also conveys surface runoff from the watersheds directly mauka of the canal,
including the areas of Makiki, Manoa, St. Louis Heights, Palolo, Moiliili, Kapahulu,
and parts of Kaimuki and Diamond Head. The Ala Wai Canal is used for a number
of recreational purposes including canoeing, kayaking, fishing and some motor
boating. The Ala Wai Canal System is shown in Figure 1-1.

The Department of Land and Natural Resources of the State of Hawaii proposes to
improve the water quality in the Ala Wai Cana] to standards acceptable for
water-based recreational activities. The specific objectives of the Proposed project are
to:

O Increase water flow and circulation in the canal while addressing

environmental concerns.
<  Decrease sources of pollutants through improved watershed management.

<& Establish routine maintenance and management practices for the canal.

Three reports have been prepared as part of this project. The principal document is
the Ala Wai Canal Improvement Feasibility Report prepared by Edward K. Noda
and Associates, Inc. (October, 1992). It responds primarily to the first objective listed
above. The results associated with the second objective are provided in a separate
report entitled A Management Plan for the Ala Wai Canal Watershed developed
by the East-West Center, Program on Environment (Fox et al., October, 1992). The

Only the proposed improvements that will increase water flow and circulation are
being proposed and assessed at this time. Implementation of the watershed
mnanagement plan is not within the jurisdiction of the Department of Land and
Natural Resources. It will require a joint effort involving the Department of Health,
the City and County of Honoluly, Neighborhood Boards and other groups.

1-1
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Implementation of the maintenance plan will also require a joint effort of the
Department of Land and Natural Resources, which has jurisdiction over the Ala
Wai Canal, and the City and County of Honolulu, which has jurisdiction over the
Manoa-Palolo Drainage Canal.

Project History

This project is the outgrowth of the Physical Environment Committee of Wa ikiki
Tomorrow, an effort undertaken in the late eighties by the Waikiki Improvement
Association and the Office of State Planning. Waikiki Tomorrow evolved from
concerns that Waikiki, the major tourist destination area in Hawaii, was not
keeping pace with other visitor destination areas in other states and countries.
Because the Ala Wai Canal plays such a major role in defining Waikiki and
improving its physical attributes would have significant benefits, an ad hoc
committee of concerned citizens followed up on recommendations of Waikiki
Tomorrow by going to the State Legislature for funding in 1990. The funding was
provided to DLNR to pursue the present study. At DLNR's request, the ad hoc group
of supporters became the Ala Wai Cleanup Technical Committee. They have

- assisted the Department in developing the scope of work and reviewing interim

work products as the project has developed. Members of the Technical Committee
are listed in Chapter 5.

Technical Characteristics

The primary focus of the feasibility study is on the physical, biological and water
quality conditions in the Ala Wai Canal. The initial task efforts of this study
involved extensive field measurement programs including a bathymetry survey,
current measurements within the canal and in the nearshore coastal areas, a dye
flushing test, tidal measurements, and biological and water quality surveys. As a
result of these studies and extensive computer model runs, it was determined that
the addition of 20 to 30 cubic feet per second (cfs) seawater inflow into the Kapahulu
end of the Ala Wai Canal would achieve the objective of water clarity.

Two options were determined to be technically feasible and to warrant further
feasibility analysis and conceptual design evaluations. These are:

1. Injection of 20 to 30 cfs seawater inflow into the Kapahulu end of the Ala Wai
Canal through a pipeline. For this option, two design concepts were
considered:

O A 12500 foot long, 42 inch diameter submerged pipeline, laid and partially
buried in the Ala Wai Canal, with an intake structure located in the
entrance channel to the Ala Wai Boat Harbor at a water depth of about 40
feet; a 4,000 foot long, 40 inch diameter suction pipeline; 2 submerged

1-2




pump station located adjacent to Magic Island, and a discharge manifold
located across the canal at the Kapahulu end.

& A 7,000 foot long, 40 to 42 inch diameter “non-trenched” underground
pipeline constructed using directionally controlled drilling technology,
extending from a pump statior. located at the Kapahulu end of the canal,
to an intake location offshore of Waikiki Beach in a water depth of about
40 feet. A discharge manifold would distribute seawater across the canal.

2. Injection of 20 to 30 cfs of groundwater from 5 deep wells drilled to depths of
250 feet or greater, located at the Ala Wai Golf Course, with the water
discharged through a discharge manifold located across the canal. The deep
groundwater wells must produce salinity and nutrient concentrations similar
to coastal seawater.

For the three alternative concepts described above, conceptual designs and
construction and annual operating and maintenance (O&M) cost estimates were
developed. The submerged pipeline laid in the canal and the deep groundwater well
supply options proved to be technically feasible. The directionally drilled pipeline
construction option was considered to be beyond the present state-of-the-art, with
significant risks associated with this methodology. Moreover, the construction cost
estimate for the directionally drilled pipeline option was over $28 million, which is
considerably larger than the other feasible options.

Based on the limited available historic geologic strata data, the technical feasibility of
drawing the required 20 to 30 cfs of deep groundwater appears promising. Since the
construction cost of this option is significantly less than the submerged pipeline
concept, it is proposed that the deep groundwater well supply system be selected for
further feasibility evaluations. To proceed with this concept evaluation, a prototype
production well drilling and testing program is proposed in order to: (1) confirm the
expected subsurface geologic strata and water quality in the Ala Wai Golf Course
area; (2) estimate the potential groundwater flow yield from coral layers at this
depth; (3) demonstrate that such high capacity pumping can be accomplished
without adverse effects; (4) and develop other design parameters. The estimated cost
for this well test program is approximately $300,000.

If the prototype production well test program confirms the technical and
environmental feasibility of the deep groundwater well supply concept, an up-date
and revision of the present conceptual design and construction cost estimate for the
saltwater well supply system will be performed. The new construction cost estimate
will then be evaluated for implementation.

If the prototype production well test program indicates that the deep groundwater

well supply concept is not feasible, the alternative of the submerged pipeline system
laid in the Ala Wai Canal will be considered for implementation.

1-3
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Deep Groundwater Well System

The evaluation of the deep groundwater well system was performed by Tom Nance
Water Resources Engineering (TNWRE). This concept first required an evaluation
of the available historic data on the sub-surface geologic structure in order to
determine the feasibility of the Ala Wai Golf Course site to produce the required
flow rate of deep, ocean-salinity water. If this feasibility assessment yielded positive
results, the subsequent task effort was to develop a conceptual design of the
groundwater well system and from this design provide a construction cost estimate.

The evaluation indicates that the first 20 to 30 feet of caprock sequence is generally
comprised- of lagoonal deposits, coralline debris, terrestrial alluvium, and/or
imported fill. This layer is generally poorly permeable and can be very compressible
if subject to dewatering. A pervasive, 10 to 30 foot thick coral ledge lies immediately
below this first caprock layer, and is underlain by layers of coral and sand, in some
places interrupted by a lens of coralline mud or alluvium of limited thickness and
areal extent.

At depths of 80 to 120 feet below the surface, a layer of later stage volcanics occurs
which is typically 50 to 80 feet thick. This layer apparently underlies the entire east
end of the canal and pinches out toward the west. Although there are only a few
drill logs available for borings which have penetrated through this volcanic layer
into the formations below, these logs suggest that a layered sequence of corals, sands,
calcareous muds, and “clays” (of unidentified origin) exists below the later-stage
volcanics. The volcanic basement is likely to be 600 to 700 feet below the surface on
the mauka side of the canal, which means that the sequence of corals, sands, and
clays between the two volcanic layers is about 400 to 500 feet thick.

From a technical view point, while it may be possible to withdraw groundwater at
the flow rates required from the uppermost coral ledge, it is likely that dewatering of
the overlying lagoonal deposits would occur, causing subsidence problems as has
occurred during various construction projects in the Waikiki area. Moreover, the
groundwater from this uppermost coral ledge would not have the high salinity and
low nutrient levels required by the water quality modeling results.

An option that looks optimistic is to withdraw water from the lower coral layers
below the later stage volcanic layer, at withdrawal depths between 130 to 200 feet
below the surface. The later stage volcanics, particularly the Diamond Head tuff
formation at the east end of the canal, may function as an aquitard, which is a layer
that is relatively impermeable and resists the through-flow of groundwater. In this
situation, the aquitard layer would provide an effective hydraulic separation from
the uppermost coral layer and its overlying lagoonal deposits, thereby greatly
minimizing the potential for dewatering of the uppermost lagoonal deposits with
its attendant subsidence problems. A calcareous mud layer below the later-stage
volcanics may also function as an aquitard. Figures 1-2 and 1-3 show the subsurface
geologic structure based on available data from wells drilled in the area.

1-4
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The deep groundwater well is likely to produce water with a salinity of 32 to 35 parts
per thousand (ppt), little or no dissolved oxygen, and major ions differing from
seawater only by the ion exchange which occurs in passage through the coral
formation. There is some risk of organic contamination from lagoonal deposits,
possibly resulting in high ammonia and sulfides concentrations, but this can
probably be avoided through proper well design. It is likely that aeration of the deep
saline water would be necessary but no other treatment would be required.

Very little use is presently made of water from this aquifer and none of it occurs at
the 200 foot depth of plumage of the proposed deep groundwater well. For these
reasons, the deep groundwater well supply proposed above is expected to have no
adverse effects on either existing potable water supplies or the existing groundwater
supply used for irrigation of the Ala Wai Golf Course.

The TNWRE report analyzed two pumping schemes: high volume, low head
propeller pumps together with an aeration system; and an air lift pumping system.
The propeller pumping system is proposed because it offers greater flexibility and is
considered a more realistic concept than the air lift system. Figure 1-4 shows a
schematic description of the propeller pumps, mechanical aeration to increase the
dissolved oxygen from 0 _to 5.0 mg/liter, and the across-canal diffuser system. Figure
1-5 provides a conceptual design layout of the proposed seawater supply wells at the
Ala Wai Golf Course.

The conceptual design for construction cost estimating purposes consists of five 200
foot deep wells with the upper 130 feet comprised of an 18 inch diameter solid casing
pipe grouted in-place and the remaining 70 feet of open hole. Each well has been
designed to deliver 2,500 gpm and the wells have been spaced 200 feet apart. A
central aeration system has been included to increase the dissolved oxygen
concentration of the saline water from an expected 0 to 5.0 mg/liter. The aerated
saltwater would then be discharged into a diffuser system across the canal width.

While the prospects for obtaining the required seawater supply from deep
groundwater wells located at the Ala Wai Golf Course appear optimistic, a prototype
production well drilling and testing program will be necessary to confirm the
expected subsurface geologic strata and water quality, estimate the potential yield
from coral layers at depth, demonstrate that such high capacity pumping can be
accomplished without adverse effect, and to develop other design parameters.
Figure 1-6 shows a schematic design of the prototype production well. A pilot
borehole would be drilled, using rotary drilling equipment, to a depth of
approximately 250 feet (or deeper if required by the strata encountered). Based on the
geologic strata results, the casing depth would be selected, and the open hole
completed as described in Figure 1-6. Full scale pumping tests would then be
conducted. Placement of sounding tubes to various depths in the annular space
would enable the effects of pumping on overlying layers to be measured, thereby
demonstrating that pumping could occur without de-watering the overlying
surficial lagoonal deposits.
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In addition to the drilling and testing of the prototype production well, four smaller
diameter boreholes will also be drilled to depths of about 250 feet in order to confirm
the subsurface geologic strata of the entire proposed groundwater source area at the
Ala Wai Golf Course.

Finally, to confirm and ensure that the proposed groundwater sources have the
necessary and required water quality to serve as flushing waters for the canal, both
water quality and toxicity tests will be performed.

Submerged Pipeline System

The conceptual design and cost estimates for the submerged pipeline system with
the intake in the entrance channel of the Ala Wai Boat Harbor were carried out by
Makai Ocean Engineering, Inc. (MOE). Figure 1-7 schematically describes the two
Ocean water source alternatives that were evaluated by MOE. Alternative No. 1
represents the submerged pipeline with an intake in the Ala Wai Boat Harbor
entrance channel, and Alternative No. 2 represents the directionally drilled pipeline
with an intake off Waikiki Beach. (Alternative No. 2 is not recommended at this
time.)

The proposed system, (Alternative No. 1), consists of a pipeline which intakes
seawater from the Ala Wai Boat Harbor entrance channel, at a depth of about 40 feet,
and discharges the flow at the Kapahulu end of the Ala Wai Canal. In addition to
the suction and discharge pipelines and the required intake and discharge
manifolds, a submerged pump station with a minimum pumping capacity of 20 cfs
(9,000 gpm) and a maximum pumping capacity of 30 cfs (13,000 gpm) is located near
the entrance of the Ala Wai Canal adjacent to Magic Island.

A preliminary optimization analysis was performed to determine the optimum size
of the suction and discharge pipelines and components. The optimurmn sizes have
been defined as those which would produce the smallest total costs (capital plus
operational) over the life of the pipeline (assumed 30 years in this preliminary
analysis). It was found that large diameter pipes and small pumps provide the best
combination to minimize total costs over the lifetime of the system. As the size of
the pipe diameter decreases, capital costs decrease due to the fact that the cost of the
Pipe, weights needed to hold the pipe down, and dredging requirements decrease.
However, a smaller pipe diameter means that, for a given operational flow, the
friction losses during operation will be larger. Larger friction losses increase capital
costs since larger pumps and motors are required, but primarily increase operational
costs since more electricity is needed to drive the pumps to achieve the desired flow
rates. At this conceptual design level, a 40 inch, 4,000 foot long suction pipe and a 42
inch, 12,500 foot long discharge pipe have been selected, together with a submersible,
three pump system (2 main and 1 back-up).

1-6
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rugged and cost effective material with a long life in marine applications. In
addition, polyethylene is an inert material which does not corrode and does not
promote growth of marine organisms. Although the presence of some fouling
organisms will be inevitable, the pipe will be designed to insure that fouling will
not significantly affect the required flow rates.

end of the canal are a golf course, a public park and a school, Large public spaces
are available is this area to store, assemble and deploy the pipeline. The makaj
side has a high density of apartments, commercial, and resort areas, which

would make the construction, deployment, and maintenance Operations more
difficult.

Noise during construction would be minimal for the residents of Waikiki.
O Access is easier for large construction equipment.

Minimize visual impact during construction and traffic congestion that would
be

created if the pipeline is assembled and deployed on the makai side, The
same is applicable for maintenance operations.

& While the Pipeline may be partly visible underwater in some areas when

viewed directly overhead, the visual impact from the Waikiki area would be
non-existent.

It has been assumed that the pipeline will be laid after maintenance dredging of the
Ala Wai Canal is completed. With the exception of the crossing of the existing
streams along the mauka side of the Ala Wai Canal and the crossing of the Ala Wai
Boat Harbor, where the pipe is completely buried underground, the pipeline is laid
partially above the canal bottom. This approach minimizes the capital cost
associated with the required dredging, facilitates maintenance and re-deployment of

the pipe in another location (if ever needed), and does not considerably affect

been established between the top of the pipeline and the water surface in the canal,

The suction pipe will lay on the bottom along the wall of Magic Island, parallel to
the existing navigation channel of the Ala Waj Boat Harbor and will extend from

1-7
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the end of the navigation channel offshore to a depth of approximately 40 feet. The
last portion of this pipe will be properly protected and weighted/anchored against
the action of waves and currents.

The implementation of this alternative is technically feasible and simple.
Construction and deployment of the pipe and installation of the pump station
involve minimum risks. During operations, the pumps are the only component in
the system that can break down, and the addition of a back-up pump minimizes
chances of interrupting operations.

The following listing summarizes the conceptual design for this alternative.

<O Operational flow of 20 cfs (9,000 gpm) with a maximum flow rate of 30 cfs
(13,500 gpm). Three submersible pumps (Figures 1-8 and 1-9) located at a
submerged pump station adjacent to Magic Island are proposed, with one pump
capable of producing 20 cfs, two pumps producing about 30 cfs and the third
pump used as a back-up. '

< 40 inch diameter, 4,000 foot long suction pipeline extending from the intake
structure to the submerged pump station, and a 12,500 foot long. 42 inch
diameter discharge pipeline extending from the submerged pump station to the
Kapahulu end of the canal. High density polyethylene (HDPE) material has
been selected for both suction and discharge pipelines. To minimize
interference with future dredging programs, the discharge pipeline would be
constructed within 15 to 35 feet from the mauka wall of the canal and the
pipeline would not be deeply buried to minimize the risk of undermining the
existing wall structure as shown in Figure 1-10.

<& The discharge pipeline will be buried across the Manoa-Palolo Stream outlet
with the top of the pipe at —13 feet MSL, and from the Ala Moana Bridge to the
pump station, where the top of the pipe will be 3 feet below the existing bottom.
Figures 1-11 and 1-12 schematically illustrate the stream crossing conceptual
design.

¢ An intake manifold (Figure 1-13) will be located in a bottom depth of about 40
feet with the top of the manifold about 25 feet below the water surface. Two
inlet heads are proposed, consisting of 360 3-inch diameter holes each, which
would diffuse the intake flow and provide horizontal inflow circulation in
order to minimize ingestion of marine life and to minimize danger to divers.
For the maximum 30 cfs flow rate, the inlet velocities are less than 1 ft/sec (0.6
knots).

O A discharge manifold, comprised of a 28 inch diameter HDPE pipeline, will

distribute and diffuse the outflow waters laterally across the Kapahulu end of
the canal. A total of 32 equally spaced holes, 5.5 inches in diameter oriented at

1-8
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Figure 1-10
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60° from the horizontal will distribute water uniformly across the canal width,
with a discharge velocity of about 4 ft/sec for the operational flow of 20 cfs.
Figure 1-14 shows a plan view of the proposed manifold and Figure 1-15 shows
a side view and detailed cross-section.

The conceptual design for the ocean seawater source intake and submerged pipeline
is technically feasible, involves minimal risks, and fabrication of the pipeline system
and its deployment are considered to be relatively uncomplicated tasks. If the well
testing program indicates that the deep groundwater well supply concept is not
feasible, then it is recommended that the submerged pipeline system in the Ala Wai
Canal be considered for implementation.

Social Characteristics

The Ala Wai Canal forms the boundary of the Waikiki District, separating Waikiki
from the Makiki, Moiliili and Ala Moana areas of Honolulu. Since its construction
in 1928, the canal has been used for recreational purposes which include boating
(motoring) rowing, and canoe paddling) and fishing. It has recently been placed on
the Hawaii National Register of Historic Places.

The length of the makai (ocean) side of the canal is spanned by a concrete tree-lined
sidewalk which is a popular site for jogging. Between Kalakaua and Ala Moana
bridges there is a tree-lined footpath on each side of the canal. Sixteen stairwells on
the makai side of the canal drop down from the sidewalk to the canal’s surface.

Despite the problems of pollution, the Ala Waij Canal is heavily used for recreation
by Waikiki residents and visitors, with an estimated daily year-round use of some
4,000 people in 1986. The 1992 Waikiki Master Plan envisions a “Grand Promenade”
offering uninterrupted pedestrian access around the entire perimeter of Waikiki.
There are plans for enhancement of the makai side of the canal that would provide
additional public access, landscaping and sidewalk cafes. Improving water quality in
the canal is prerequisite to installing these improvements.

Economic Characteristics

The construction cost estimate for the submerged pipeline laid in the Ala Wai Canal
is about $8.5 million with an annual O&M cost of about $72,000. The construction
cost estimate for the deep groundwater well supply system is about $3.3 million with
an annual O&M cost of about $190,000. Benefits from the improvements would
accrue mainly to residents and visitors in Waikiki, property owners adjacent or in
close proximity to the canal, users of the canal and users of public facilities on the
mauka side of the canal. Because of the importance of Waikiki to the economy of
Oahu and the State of Hawaii, residents of the City and the State would also benefit.

1-9
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Environmental Characteristics

The Ala Wai Canal provides an important drainage conduit for Surface water
runoff. It collects nutrients from surface runoff waters and from other non-point
sources such as groundwater. The canal was also designed to serve as a sediment
deposition basin in order to minimize the discharge of sediments into the nearshore
coastal waters through the Ala Wai Boat Harbor entrance channel.

Water quality in the canal is determined by its source waters (nearshore ocean water,
groundwater, streams), mixing and tidal exchange, and input from the accurnulated
sediment via resuspension and regeneration. “New” nutrients (not recycled in situ)
are derived from groundwater and the streams. The murky green discoloration of
the canal waters results from excessive phytoplankton growth, due to significant
incident sunlight, and long residence times within the canal systent. During and
immediately after periods of heavy rain, the canal waters display a distinct brown
discoloration due to the suspended sediments which are entrained in the surface
runoff, and possible re-suspended bottom sediments.

Biological and water quality surveys were made as part of the field studies for the
project. One of the most important water quality criteria, and the one which was
used to evaluate the performance of alternative water quality improvement designs
for the canal, was water clarity. For the worst case situation, when very little rainfall-
runoff flows into the canal, the combination of high nutrients, strong and consistent
sunlight, and long water residence times promotes active phytoplankion growth
which results in high chlorophyll concentrations and organic turbidity, producing
poor water clarity. The key parameter for increasing water clarity is the reduction of
chlorophyll concentrations in the water column. Based on water clarity analysis, a
target chlorophyll concentration of 5 micrograms per liter (ug/1) was selected, with a
maximum concentration of 10 pg/! imposed as a not-to-exceed criteria for selection
of the proposed design flushing alternatives. At this level, visibility is about 10 to 12
feet, and the water clarity goal should be achieved.

The data acquired from the water quality surveys were extensively used in the

calibration and verification of a two dimensional hydrodynamic and water quality
computer model. The model was used to evaluate design options to0 achieve the
objective of improved water quality. The design options included injecting either
flushing seawater or groundwater into the Kapahulu end of the canal; connecting
the Kapahulu end of the canal to Waikiki Beach using a covered channel; and
various dredging options to improve circulation in the existing canal. The criteria
for evaluating the technical feasibility of any of the tested design options, was
whether the chlorophyll concentrations were about 5 pg/l with a maximum value
of 10 pg/1. For any potentially feasible option, simulations were run which included
variation in wind speed and direction (tradewind and Kona wind), and tidal range

variations.




Based on the results from the extensive computer model runs, it was determined
that the addition of 20 to 30 cfs seawater inflow into the Kapahulu end of the Ala
Wai Canal would reduce the chlorophyll concentrations sufficiently to achieve the
water clarity objective. This will have an insignificant effect on the mean water
velocities in the canal. In the area between the McCully Bridge and the Kapahulu
end of the canal where most of the canoe racing is performed, typical mean water
speeds due to the maximum 30 cfs seawater inflow will increase by only 0.016 - 0.046
ft/sec (0.011 - 0.032 miles/hour). These water current speed changes would
essentially be imperceptible to the recreational users of the canal. The maximum
mean current flow speed increase of 0.032 miles per hour would be equivalent to the
effects of a 1 mile per hour wind velocity blowing on the water surface.

The environmental impacts associated with both the deep groundwater well supply
system and the submerged pipeline Jaid in the canal have been evaluated. The
assessments indicate that while there will be some temporary impacts (noise, visual,
odor, turbidity) during construction, the overall adverse environmental impacts
after the completion of construction are very minimal, and in fact, there will be a
measurable water clarity and quality improvement to the Ala Wai Canal waters.
Improvements to water quality in the canal will also improve water quality in the

adjacent nearshore waters, specifically the Waikiki Yacht Club.

Construction of the facility will result in depletion of labor, energy and natural
resources that provide manpower and materials for construction. There will also be
a temporary increase in noise and air pollution during construction. Approximately
864 KW of electricity per day will be required to operate the pumps at 20 cfs, and 1296
KW at 30 cfs. This is equivalent to that used by 36 single-family households at 20 cfs,
and 54 households at 30 cfs.

Management Plan for the Ala Wai Canal Watershed

The Management Plan for the Ala Wai Canal seeks to decrease sources of pollutants
through improved watershed management. The plan identifies activities which
will be useful immediately. These indude cleaning up litter debris and bulky items
from streambanks and streets, reducing erosion rates through improved
enforcement of grading permit regulations, and expanded hazardous waste and toxic
substance collection and disposal. In the longer term, the plan notes that watershed
management can improve water quality through the control of pesticides and heavy
metals.

The plan recommends that the State enter into a contractual relationship with a
qualified non-profit organization to lead the implementation of a community-based
public/private program of watershed management activities. Four major tasks are
identified:




O Developing and leading community participation in cleaning up and
maintaining the Ala Wai Canal watershed.

¢ Planning and coordinating an immediate action program of watershed
management measures.

O Developing proposals for funding from the U. S. Environmental Protection
Agency, foundations, and private sources.

¢ Promoting monitoring and research.

State appropriations of $100,000 for each of the fiscal years 1993-94 and 1994-95 are
recommended for the direct expenses of the non-profit organization, with outside
funding assumed for activities beyond FY 1994-95. The plan also recommends that
the State provide seed money to the University of Hawaii to begin monitoring and
research activities where they are known to be inadequate and where progress in
planning and development of further management actions is known to be impeded
by a lack of baseline or trend data. An initial appropriation of $50,000 in each of the
fiscal years 1994-95 to 1996-97 is recommended to fund these activities.

Maintenance Plan for the Ala Wai Canal

The Maintenance Plan for the Ala Wai Canal has three purposes. These are to 1)
describe the existing conditions/problems in the canal; 2) describe the existing State/
City & County agency measures and responsibilities for the canal; and 3) develop a
maintenance plan that builds on 1) and 2). The plan notes that many of the
maintenance tasks on the Ala Wai Canal are presently initiated only at the urging of
residents to what is perceived as a serious problem, such as their petitioning state
legislators to allocate funds for the last maintenance dredging.

Maintenance is also complicated by the number of different agencies with various
responsibilities that are involved. For example, the Manoa-Palolo Drainage Canal is
the major source of sediment, trash, and debris in the Ala Wai Canal. While the
Ala Wai Canal is owned by the State of Hawaii and maintained by the Division of
Water and Land Development (DOWALD) of the State Department of Land and
Natural Resources, the Manoa-Palolo Drainage Canal is the responsibility of the City
and County of Honolulu Department of Public Works (DPW). However, DLNR
acknowledges maintenance dredging responsibility for Manoa-Palolo between the
Ala Wai and the Date Street bridge. Until July 1, 1992, the Harbors Division of the
Department of Transportation (DOT) was also a major player. This changed
officially on that date with the transfer of boating programs and projects to a new
DLNR Division of Boating and Outdoor Recreation (DBOR). The program
continues to be operated by DOT under a contractual agreement until the transfer
can be completed. Owners of property bordering the canal also have responsibilities
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for shoreline areas. These include the State Department of Education (DOE), the
City Department of Recreation (DPR) and private property owners.

To prevent objectionable conditions from occurring, responsible agencies need to
monitor prevailing conditions and plan accordingly. Different tasks will require
different scales of monitoring, and major maintenance cost items should be
anticipated and pre-programmed in agency budgets. The plan identifies six
categories of maintenance activities and recommends a schedule for monitoring
and maintenance. These activities and the agendies responsible for implementation
are described in the order of the frequency of effort, from most frequent to least
frequent, as follows:

© Inspect debris trap(s) and clean as necessary State DLNR (DBOR)
(2-4 weeks and prior to major storms) _

O Intensive cleanup of vegetative and urban City & County DPR & DPW,
debris from streambanks & shoreline areas State DOT & DOE, private

(6 months - spring and fall) property owners

© Inspect canal walls; schedule repairs as State DLNR (DBOR)
necessary (yearly in the spring)

< Survey canal bottom for debris; schedule State DLNR (DBOR)
debris removal as necessary
(yearly in the spring)

& Maintenance dredging of sediments from State DLNR (DOWALD)
Manoa-Palolo Drainage Canal (3 years)

¢ Maintenance dredging of sediments from State DLNR (DOWALD)
Ala Wai Canal (10-12 years)

The plan includes schedules and cost estimates for maintenance dredging for both
the Manoa-Palolo Drainage Canal and the Ala Wai Canal. The Ala Wai Canal has
been dredged twice: in 1966 by the City and County of Honolulu and in 1978 by the
Gtate. Both maintenance dredging actions were undertaken out of necessity because
sedimentation had become serious enough to render the canal a health and safety
problem. The average rate of sedimentation of the canal has been consistent at
about 9,000 to 11,000 cubic yards per year. At this rate, major dredging approximately
every 10 to 12 years is mandatory. The present shoaled condition necessitates
removal of about 135,000 cubic yards of sediment to restore the Ala Wai Canal depth
to -10 feet MSL. The estimated cost is $5.4 million.

1-13




The plan recommends that the Manoa-Palolo Canal also be dredged to provide a
transition between the dredged depth of the Ala Wai and the presently shoaled
depths in the Manoa-Palolo Canal. During the last dredging, a 200-foot reach of the
Manoa-Palolo Canal was dredged to provide the transition. Approximately 55,000
cubic yards need to be removed to achieve the -10 feet MSL. This would cost
approximately $2.3 million if the work is performed separately from the Ala Wai

dredging.

For the future, the plan recommends that the Manoa-Palolo Canal be dredged every
three years so that it can serve as a sediment basin. Removing an estimated 30,000
cubic yards would cost approximately $1.3 million. There is no real cost saving in
more frequent dredging ($1.3 million every 3 years versus about $5 million every 10-
12 years) but it would be easier to budget for in a maintenance program and it would
reduce impacts on the Ala Wai Canal because of minimal, or at least much reduced,

sedimentation.
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CHAPTER 2
DESCRIPTION OF THE AFFECTED
ENVIRONMENT

Physical Characteristics
Location

The Ala Wai Canal is a man-made tidal estuary located in the Waikiki District of
Honolulu. It serves as a boundary of the Waikiki District, separating Waikiki from
the Makiki, Moiliili, and Ala Moana areas of the city. The canal serves as the major
drainage conduit for the Waikiki District of Oahu as well as the approximately 16.3
square mile watershed directly mauka of the canal (Makiki, Manoa, 5t. Louis
Heights, Palolo, Meiliili, Kapahulu and parts of Kaimuki and Diamond Head). The
canal is approximately 2 miles long with widths ranging from 200 to 250 feet. Its
average cross-sectional depths range from 3 to 8 feet, with spot depths ranging from
1 to 12 feet.

Three bridges span the canal. The Kalakaua bridge, built in 1929, was the first
permanent bridge crossing the canal. Subsequently the McCully bridge and the
bridge at Ala Moana Boulevard were added.

Ala Wai Boulevard and a concrete tree-lined sidewalk border the makai side of the
canal from its interior end at Ainakea Way near Kapahulu Avenue to the Kalakaua
Bridge. The Ala Wai Municipal Golf Course, Ala Wai Elementary School, and the
Ala Wai Ballpark and Playground border the canal on the mauka side to McCully
Street. Several high rise condominium buildings have been constructed mauka of
the park. Between the Kalakaua and Ala Moana bridges there are tree-lined
footpaths on both sides of the canal.

The Waikiki Master Plan prepared by Department of General Planning of the City
and County of Honolulu describes the Ala Wai Canal as

“poorly maintained, and its abutting park land are inaccessible from
Waikiki. Together, the Ala Wai Canal and abutting park lands constitute a
major open space asset, which today is under-utilized. The canal itself is
dirty, and the mauka bank is eroding. Bicyclists and joggers compete for
space on the narrow makai bank. The mauka bank’s substantial park lands
are inaccessible by foot from Waikiki and are entirely reserved for active

sports.”




Climate

The average rainfall in the area is 30 inches per year. The predominant wind regime
is an approximately 10-knot tradewind with a somewhat strong easterly component.
Kona conditions can be expected to occur about 15 to 20 percent of the time. The
predominant wind direction is roughly aligned with the longest section of the canal,
thus increasing the wind-induced water transport.

Bathymetry

The Ala Wai Canal was originally dredged in sections. The section extending from
the Ala Moana Bridge seaward for about 500 feet was dredged to a depth of about 25
feet. The section from the Ala Moana Bridge to the 45° bend at the Makiki Stream
confluence was dredged to depths between 10 to 13 feet, while the landward section
between the Makiki Stream and the Kapahulu end of the channel was dredged to
depths between 10 to 20 feet. Since the completion of construction in 1928, sediment
deposition has significantly altered bathymetry in most of the channel sections. The
Ala Wai Canal has been dredged twice since its construction, the initial dredging in
1966 and the second dredging in 1978.

In May 1965 the City & County of Honolulu carried out a bathymetry survey of a
portion of the canal, in preparation for the first maintenance dredging of the canal
(see Figure 2-1). Sunn, Low, Tom & Hara, Inc. (SLTH) in 1977 developed a
Preliminary Engineering Report for the second maintenance dredging of the canal,
which incdludes a bathymetry survey of the canal. It shows very similar patterns to
the 1965 results.

The results shown in the 1965 and 1977 bathymetry surveys indicate that most
sections of the canal exhibit a relatively slow bottom sediment deposition rate. The
area of the canal which is most affected by sediment deposition is between the
McCully Bridge and the Manoa-Palolo Stream confluence. The Manoa-Palolo
Stream drains the Manoa and Palolo watersheds, which represent an area of about
7,200 acres, the largest watershed area that drains into the canal. The Manoa-Palolo
watersheds include part of the Honolulu Watershed Forest Reserve area, which is
an area of steeply sloped, undeveloped forests which generate significant sediment
loads during typical and major rainfall runoff events. The sediment laden flow
enters the canal at a 45° angle towards the ocean and flows seaward. Since the width
and average depth of the canal is significantly larger than the Manoa-Palolo Stream
counterparts, there is a substantial decrease in the mean velocity of the entering
flow. This velocity reduction allows much of the larger size suspended sediment to
fall out of the fluid and to deposit on the seaward side of the stream confluence
forming a “sill.” In both the 1966 and 1978 maintenance dredging programs, this sill
area was the only section of the canal that was dredged.
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The 1966 maintenance dredging operations encompassed a 1,750 feet section of the
canal, starting from the Kapahulu side of the Manoa-Palolo Stream confluence and
extending 1,750 feet towards the ocean entrance. In addition, the Manoa-Palolo
Stream was dredged a distance of 500 feet upstream from the canal confluence. The
required dredge depth was —6 feet mean sea level (MSL).

During the 1978 maintenance dredging program, a 3,500 feet section of the canal was
dredged to a depth of -10 feet MSL, beginning about 100 feet seaward of the McCully
Bridge and extending up the canal to a location about 400 feet past the Manoa-Palolo
Stream confluence as shown in Figure 2-2. To provide a smooth transition with the
Manoa~Palolo Stream, the invert depth was varied from -10 feet MSL at the
confluence, to daylight at the existing stream bottom depth at about 200 feet
upstream from the confluence. The initial plans provided an option to dredge the
last 400 feet of the canal at the Kapahulu end to a depth of -5 feet MSL. Due to
budget limitations, this option was not exercised.

A new bathymetry survey was performed as part of the current project to provide an
accurate map of the existing bottom depths within the entire canal. This
information was part of the input data for the hydrodynamic and water quality
model of the canal. When the present bathymetry data is compared to the last 1978
dredging design, the rate of sediment deposition in the Ala Wai Canal is calculated
to be 10,300 cubic yards per year. This sedimentation rate generally agrees with
previous calculations and indicates a relatively consistent rate over the last 25 years.
Figure 2-3 shows cross-section numbers beginning at the seaward end of the canal.
The cross-sections are spaced at 200-foot intervals. Figure 2-4 shows bottom profiles
referenced to MLLW (mean lower low water) where the middle profile is along the
center axis of the canal, the upper quarter represents a profile one-quarter width
distance from the mauka bank, and the lower quarter represents a profile one-
quarter width distance from the makai bank. The methodology and results of the
bathymetric survey are described in more detail in the project feasibility report.

Tides

High resolution tide measurements at the entrance channel to the Ala Wai Boat
Harbor and at the Kapahulu end of the canal were obtained for a one-month period.
The tide measurement stations are shown in Figure 2-5. For comparison purposes,
tide measurements obtained by the National Oceanic and Atmospheric
Administration (NOAA) at the Honolulu Harbor tide reference station were also
acquired for the one-month measurement period. All three tide data sets, when
superimposed, show very little amplitude and phase differences. Computer analysis
of the tidal time-histories between the entrance and end of the canal indicates that
the tide at the Ala Wai Golf Course lags behind the tide at the Ala Wai Boat Harbor
entrance channel by about 73 seconds. Analytical analysis confirmed that a standing
tide-wave system exists, and that the small time delay is due to friction. This result
was then used to calibrate the hydrodynamic model by adjusting the bottom friction
factor to obtain the required time delay.
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Ala Wai Current and Circulation

tide, and intensifies the flow during the flooding tide. The magnitude of the surface
current velocity is influenced by the magnitude of the fresh water runoff, the size of

the tidal range, and the speed and direction of the wind.

In order to quantify water current flow in the Ala Wai Canal, two types of current
methodologies were used. To obtain a long term representation of current vectors
at given locations, three current meters were located in the canal. In addition to
current meter measurements, the current flow circulation in the canal was
measured using current drogues. Current drogues are almost neutrally buoyant
objects which freely move with the current flow and provide a track of the marked
parcel of water as it is driven by the tides, winds and stormwater inflow. The
current drogues provide additional information on the water flow patterns at
locations different from the deployed current meters.

Within the Ala Waij Canal, 53 individual current drogue deployments were
performed under varying wind conditions (Kona winds, light & variable, and
typical tradewind conditions), varying tidal conditions (flood and ebb tide), varying
surface water runoff conditions, and with drogues set a different depths below the
surface. Due to the shallow water conditions in the Ala Waij Canal, many of the
deployments were “surface” drogues which consisted of 1-gallon plastic containers
partially filled with water such that 90 percent of the container was below water
level. In order to evaluate nearbottom circulation, “bottom” drogues were also

deployed.

Within the Ala Wai Canal, the current measurements display very complicated
variations with water depth, wind conditions, tidal phase and rainfall-runoff
discharges. In particular, a two-layer and at times multi-layer circulation flow

usually distinguished by inflow to the canal during flood tide and outflow during
the ebb tide. For very large rainfall-runoff events, the discharge into the canal
overcomes the tidal forces and the entire water column flows seaward independent
of tidal phase. This very complicated, vertical flow variation characteristic of the
canal required that a two-dimensional (2-D) hydrodynamic and water quality model
of the canal be developed, which would be laterally averaged but would describe
variation along the canal axis and in the vertical dimension between the surface and
the bottom. The model is described in more detail in their project feasibility report.
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Coastal Current and Circulation Measurements

In order to quantify ocean currents in the nearshore coastal waters, both current
meter and drogue measurements were obtained. One current meter was centered at
the Ala Wai Boat Harbor entrance channel and the other two located about 3,000 feet
ewa and Diamond Head of this center station, at bottom water depths of about 60

feet.

The measured current data shows a strong correlation with tidal processes, with the
currents primarily oriented along the bathymetry contours. There is a preference for
current flow towards the southeast, which is parallel to the bathymetry contours,
both in terms of the frequency of occurrence and the magnitude of the current
speed. This occurs primarily during the ebb flow part of the tidal cycle.

In addition to the current meter measurements, current circulation in the nearshore
coastal area was measured using current drogues. The current drogues utilized for
this effort were essentially identical to the drogues used for current measurements
in the Ala Wai Canal. For the nearshore coastal area, 40 individual current drogue
deployments were performed under varying wind conditions (Kona winds, and
light and typical tradewind conditions), varying tidal conditions (flood and ebb tide),
varying surface runoff conditions, and variable depth drogue settings. The focus of
the drogue deployments was in the area of the Ala Wai Boat Harbor entrance
channel and the coastal waters in close proximity to the entrance channel.

The results indicate the similar two-layer characteristics of the discharged flow from
the canal as was shown in Ala Wai Canal drogue measurements. During moderate
and heavy surface runoff discharges into the canal, the surface layer drogues exhibit
strong seaward velocities, while simultaneously released mid-depth and bottom
drogues in the entrance channel area tend to flow parallel to the bottom depth
contours. During heavy rainfall events, the surface layer plume discharged from
the Ala Wai Boat Harbor entrance channel was clearly visible by the sharp
boundary line between the silt-laden brown discharged waters and the clearer green
ocean waters. The surface layer drogue velocities show strong offshore components,
which dominated the tide-driven currents that tended to flow parallel to the bottom
depth contours.

Dye Flushing Survey

A detailed dye flushing test was carried out involving the injection of Rhodamine
WT dye into the entire Ala Wai Canal. Water samples were obtained daily for about
2 weeks, at 4 stations and at 4 locations in the water column (surface, 1/2 meter
below the surface, mid-depth, and 1/2 meter off the bottom). The dye concentration
data allowed a direct determination of the dye flushing time constant which is
represented by the time that it takes for the dye concentration to fall to 50% of its
initial value, Tsp. Surprisingly consistent Tsp time constants of the order of 40 to 60
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hours were calculated for all 4 stations and the 4 different depth levels. These Tsp
flushing time constants were used in the calibration process for the 2-D
hydrodynamic and water quality model. Conductivity-temperature-depth (CTD)
profiles were also obtained during the dye flushing survey. Locations of the
sampling stations are shown in Figure 2-6.

Water Quality

As the collecting point for the Makiki, Manoa, Palolo and Kapahulu watersheds
(Figure 2-7), the canal accumulates sediments, nutrients, some heavy metal
contamination, and solid waste trash. The results of these contaminations are
reflected in discoloration of the water due to phytoplankton growth, suspended
sediments, and visually objectionable trash. In addition, some incidence of bacterial
infections has been reported.

The two primary objectives of the water quality monitoring effort by OI Consultants,
Inc. were to describe the existing environmental conditions within the canal and to
provide input data for the computer model. This model helped identify pivotal
parameters which affect water quality within the canal and establish targets which
can be used to examine the effectiveness of different engineering alternatives such
as routine maintenance measures (e.g., dredging), improved flushing rates, and
water circulation in the canal. In order to choose the best of several engineering
solutions to improve water quality, a series of water quality samples were collected
to characterize conditions within the canal and within the source waters (streams,
ground water, ocean water). These data were analyzed and compared with the
available historical water quality data base for development of the canal model.

Water quality samples were collected at sixteen stations within and offshore the Ala
Wai Canal, and in the major streams discharging into the canal (Figure 2-8).
Samples were collected at or near high tide on six sampling days: October 3,
November 1, December 3, 1991, January 7, February 8, and March 3, 1992. Samples
were collected at three depths at most stations within the canal and nearshore
marine waters: 0.5 m below the surface, 0.5 m above the bottom, and at mid-depth.
Only surface or surface and bottom samples were taken at Station 8, the shallow
mud flat at the confluence of the Manoca—Palolo Stream. Samples within the major
streams feeding the canal were taken at mid-depth. Samples were collected with
Niskin bottles closed at the target depth, or with 500 mL polyethylene bottles for the
stream samples. Samples for bacteriological analysis were collected directly into 100
mL specimen cups and placed in a cooler at ambient temperature; all other samples
were collected in 1 liter polyethylene bottles and placed over ice until processed in
the lab. Continuous profiles of temperature and salinity were taken on several dates
utilizing a conductivity/temperature/depth recorder with fine (10 cm) vertical

resolution.

Water quality parameters measured included those listed in the State of Hawaii
water quality standards for open coastal and estuarine waters and additional
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parameters which provide information on ground water sources and influence:
temperature, salinity, total nitrogen, nitrate-nitrite, ammonium,
orthophosphate, reactive silicate, turbidity, suspended solids,
nitrogen, chlorophyll, dissolved oxygen, Ph, fecal coliforms

methods used for each analysis are presented in Table 2-1.

Water Quality Parameter

Water Quality Samples

Temperature
Salinity

Nutrients

Total nitrogen
NH4

NO3/NO2

Total Phosphorus
PO4

S5i04

Particulate Carbon
Particulate Nitrogen
Chlorophyll

Turbidity
Suspended Solids
Dissolved Oxygen
pH

Fecal Coliform
Enterococcus

Table 2-1
Collection and Analysis Methods for the Ala Wai Canal
Measured Water Quality Parameters

Collection and Analysis Method

Precision thermometer
Laboratory salinometer

Technicon AutoAnalyzer II; D'Elia et al, 1977
Technicon AutoAnalyzer II; Solorzano, 1969
Technicon AutoAnalyzer II; Technicon Inc., 1977
Technicon AutoAnalyzer II; Grasshoff et al, 1983
Technicon AutoAnalyzer II; Murphy and
Riley, 1962
Technicon AutoAnalyzer II; Strickland and
Parsons, 1972
Carbon-Nitrogen Analyzer; Grasshoff et al, 1983
Carbon-Nitrogen Analyzer; Grasshoff et al, 1983
Turner Designs fluorometer; Strickland and
Parsons, 1972
Turner Designs nephalometer; APHA, 1986
Filtration, electrobalance; APHA, 1986
YSI laboratory oxygen meter
Orion digital pH meter
Filtration, incubation; APHA, 1986
Filtration, incubation; APHA, 1986

Temperature/Salinity. Continuous profiles of temperature and salinity for selected
stations in the nearshore marine environment and the Ala Wai Canal were
developed from samples taken on January 7, 1992. Results are typical for the canal
and adjacent waters under most tide and wind conditions. Nearshore waters
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(Station 1) show patterns of generally vertically uniform temperature and salinity
below about 1 m depth, with a low salinity, higher temperature layer overlying this.
The upper layer is the relatively unmixed outflow of brackish water from the canal.
The salinity profile at Station 3 reflects the greater influence of brackish water near
the canal mouth, with the brackish layer extending to 2 m depth and surface salinity
as low as 27 parts per thousand (ppt). The temperature profile appears to reflect
some degree of solar heating of the upper layer, also seen at Station 1, with a cooler
surface (<0.5'm depth) layer.

Groundwater Budget. The groundwater influx to the Ala Wai Canal was estimated
from profiles of salinity taken at stations 3-12 in the canal on February 8, 1992. The
data are presented in Table 2-2. The volume of fresh water (fw) was calculated as
111, 053 m3 or 3.9 million ft3.

TABLE 2-2
Calculation of Groundwater Influx into the Ala Wai Canal
Channel Section Section Areal X-Section  Section
Width  Length Area fw fw fw
Station (m) {m) (m2 (m3/m2) (m3/m) (m3/section)
1 685 o m— 0.031 21 -—_
2 113 — -— 0.190 21 -
3 71 o -— 0.300 21 -—
4 67 411 27,556 0.316 21 8,708
5 60 366 21,919 0.372 22 8,154
6 57 411 23,485 0.495 28 11,625
7 89 457 40,447 0.439 39 17,756
8 89 297 26,290 0.365 32 9,596
9 89 251 22,246 0.471 42 10,478
10 89 331 29,324 0.552 49 16,187
11 89 388 34,380 0.560 50 19,253
12 80 308 24,659 0.377 30 9,297
TOTAL 3,221 250,306

Since salinity profiles from different sampling days were generally similar, it was
assumed that the ground water influx is in a steady state with mixing and outflow.
The dye studies described earlier provide estimates of the Tsg (the time to decrease
the concentration of a material by 50%) for the canal. For all shallow layers at
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stations within the canal, the Tsp times were generally 40-45 hours. The daily turn-
over rate can be calculated from the Tsp rate, and is estimated to be 33%; i.e.,
approximately 1/3 of the water in the canal is exchanged (removed) each day. Thus,
at steady state, the volume of fresh water entering the canal is approximately 36,647
m3 (1.3 million ft3) per day. Assuming that the influx is relatively constant over the
length of the canal (3,221 m), the calculated input per unit length is 11.4 m3/m/d
(402.3 million ft3/m/d), or approximately 4.83 million gallons per day (mgd) per
mile. This daily input rate is similar to that calculated for other islands (1 - 6 mgd
per mile). The value is an estimate of the total freshwater inflow to the canal. It
actually includes both groundwater and stream input, although no estimate of fresh
water input by streams was included. However, stream flows during the period of
salinity profiling were low, so the estimate of groundwater influx is probably not a
large overestimation.

Other Water Quality Parameters. The data show that Makiki Stream is primarily a
source of high-nutrient water with characteristics similar to groundwater (i. e., high
silicate, nitrate and phosphate) In contrast, Manoa Stream shows the influence of
surface runoff. Silicate levels are relatively low and constant throughout the Manoa-
Palolo system (Manoa A-D, Palolo), indicating relatively low or no groundwater
influx. Nutrient levels are very low at the head of Manoa Stream (Manoa A), and
increase downstream. These stream water characteristics are reflected in the
relationships between water quality parameters in the canal.

The correlation of nutrient ions with silicate varies strongly depending on their
origin. Water from the Manoa and Palolo Streams tends to be lower in phosphate
than groundwater seeping into the canal directly or via Makiki and Apukehau

streams.

The composition of suspended matter varies. There is no consistent strong
correlation between its components (chlorophyll, total suspended matter, turbidity,
particulate carbon and nitrogen). Turbidity and total suspended solids are generally
well correlated. Occasionally, high total suspended solids were not accompanied by
high turbidity. Turbidity and chlorophyll are also well correlated. Total suspended
solids tend to increase in bottom water from the mouth towards the end of the
canal, but vary little in surface water throughout the study area. Turbidity also tends
to increase in profiles towards the sediment. Chlorophyll levels are generally
highest in mid-depth and bottom samples.

Fecal bacteria counts appear to be related to surface runoff and stream flow. Highest
numbers were found after periods of rain and increased stream flow. However, the

numbers decreased rapidly in samples with near-seawater salinity.

Visual Water Quality. The primary aspect of water quality in the canal which has
been targeted for improvement is water clarity. Water clarity is a function of several
components within the water column: dissolved material which colors the water;
inorganic particulate material such as suspended sediments; and organic particulate
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material such as phytoplankton. Dissolved color and inorganic particulate material
are input to the canal primarily in stream flows. The majority of these inputs occur
during storm events and their impacts on water clarity are relatively transient. The
majority of the inorganic sediments entering the canal via stream flow are
discharged directly to the ocean during storm flows; some settle to the canal bottom
and may be resuspended under strong winds and consequent vigorous vertical

mixing.

The contribution of phytoplankton biomass to the total suspended solids load was
estimated from relationships between phytoplankton chlorophyll, carbon and dry
weight. Values derived from regression analyses were used to establish target
chlorophyll levels for the physical-biological model of the flushed canal. A series of
calculations were performed estimating the water clarity as a function of chlorophy!l
concentration. In addition, the water clarity was estimated utilizing the Secchi
depth, a standard oceanographic measure of water clarity. It is defined as the depth
to which a disk of solid white or alternating white and black quarters can just be
seen. Thus it represents a measure of water clarity to which most people can relate.

Based upon these calculations, the target for maximum chlorophyll concentrations
in the canal under active flushing has been set at 5 Hg/1 (micrograms per liter).
Under the relatively conservative calculation of water quality, the water clarity at a
chlorophyll concentration of 5 ug/1 would be sufficient to see a light colored object
on the bottom of the canal at a depth of 3.5 m (10-12 feet). The less conservative
calculated water clarity may be more applicable since it reflects the dilution and
flushing of colored dissolved material and/or inorganic particulates. Under this
scenario, water clarity would be such that a light object would be seen at depths near
5.5 m (18 feet), and the water dlarity in the shallower canal would be perceived to be
significantly better than for the first case.

Some of the model runs resulted in chlorophyll levels higher than 5 pg/l but less
than 10 pg/l. In those instances where the chlorophyll levels were within this range,
water dclarity would be decreased somewhat, but under the more likely chlorophyli-
visibility scenario, a light-colored object would be visible on the bottom even at 10

ug I-1 chlorophyll.

Discussion and Conclusions. Water quality in the Ala Wai Canal is determined by
its source waters (nearshore ocean water, groundwater, streams), mixing and tidal
exchange, and input from the accumulated sediment via resuspension and
regeneration. "New" nutrients (not recycled in situ) are derived from groundwater
and the streams. Silicate concentrations, an indicator of groundwater, were usually
higher in stream discharge than canal water, but occasionally, surface water in the
canal contained concentrations exceeding the stream loads in the vicinity of
discharge, and approached them on other occasions, despite higher salinity.
Seawater dilution of the silicate input to the canal is conservative, with steepest
gradients in the canal itself. Lesser gradients in the lowest reaches of the streams
indicate lower silicate concentrations in the stream discharges than groundwater.
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Usually there is less silicate in water of the Manoa/Palolo Streams than in the
Makiki Stream. However, the groundwater component in the streams varies,
depending on the differences in rainfall in their respective water shed areas.

Phosphate ion concentrations are generally well correlated with silicate within the
canal proper. The distribution of silicate and phosphate in different source waters is
not proportional, however. The highest concentrations of both silicate and
Phosphate were ob